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Abstract. NPR Lenses is an interactive technique for producing ex-
pressive non-photorealistic renderings. It provides an intuitive visual in-
teraction tool for illustrators, allowing them to seamlessly apply a large
variety of emphasis techniques. Advantages of 3D scene manipulation
are combined with the capabilities of viewer-aligned lenses by inserting
2D lens controls into the 3D rendering pipeline. By using lenses that are
spatially explicit and constrained we enable object-independent adjust-
ments in 3D. Regions of emphasis can be easily created by adjusting lens
parameters and any combination of line style, type, shape, and position
of computer-generated lines. NPR Lenses support the creation of eﬀects
similar to those found in many existing hand-drawn illustrations and
allow creative freedom through interactive control at the same time.
1 Introduction
For hundreds of years, humans have been creating illustrations by hand for scien-
tiﬁc, medical, technical, artistic, and entertainment purposes. Non-Photorealistic
Rendering (NPR, [1,2]) research deals with the computer-based development of
techniques to create such illustrations. While now a large number of NPR tech-
niques exist, they have not yet been widely adopted by the illustration com-
munity. NPR research tends to focus on the diﬃcult technical problems that
can make these techniques viable. In contrast, few NPR techniques have been
developed which provide creative freedom for the illustrator using them. For ex-
ample, they tend to provide access to a single technique at a time, while many
hand-drawn illustrations often incorporate several style variations within a single
drawing. The development of such interactive tools is necessary to help illustra-
tors leverage NPR techniques more frequently and successfully. We address this
problem of creating tools to support illustrators and present an interactive tool
called NPR Lenses that allows artists and illustrators to interactively apply and
explore emphasis eﬀects to line drawings similar to those in hand-drawings.
Recent developments in computer-based techniques for line drawings and
other NPR methods allow artists to automatically create illustrations. However,
many illustrative and expressive techniques common in hand-drawn illustrations
remain unexplored in electronic systems. For instance, emphasis has been used
over many centuries in art, cartography, and illustration as a means of giving
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importance and guiding attention. Most hand-made illustrations provide this em-
phasis by adjusting one or more of many diﬀerent aspects of the illustration of an
object such as shape, lighting, style, etc. Such adjustments perform important
functions such as conveying the intended meaning, implying relative importance
of certain parts, providing room for additional information, and creating humor.
These techniques may use variant lines styles and weights, spatial distortion for
exaggeration (as in caricatures), or even selective inclusion or exclusion of lines
to reveal hidden or internal information. Many of these emphasis techniques have
already received research attention, however, previous solutions often (1) have a
global eﬀect (on the entire image): illustrators may want explicit control of how
the emphasis technique spreads into the rest of the image; (2) create disconti-
nuities : illustrators, in part, create their desired impact by how emphasis in one
region is integrated with the rest of the illustration; (3) require knowledge of end
goals : an illustrator may not know a priori what degree of emphasis will achieve
the intended result; and (4) lack intuitive interaction techniques and speed : to
be able to create illustrations just as they envision them, illustrators need ease
and freedom of interactive control and immediate visual response.
Inspired by professional illustrations and drawings, we developed a collection
of tools called NPR Lenses to address these problems. To address the ﬁrst prob-
lem, our NPR Lenses facilitate the application of both global and local eﬀects. If
desired, they can have a global eﬀect but they can also be localized in a variety
of diﬀerent way such as: localized spatially, localized to chosen objects, localized
to parts of objects, and even localized to speciﬁc sets of lines. Our solution al-
lows illustrators to modify line properties locally by adjusting line shape, style,
and presence independent from a scene-building object hierarchy. To address the
second problem, our technique also provides visual integration between regions
of emphasis thus avoiding visual discontinuities. To address the last two prob-
lems of freedom of intent and intuitive interaction, we integrated a 3D scene
manipulation environment with 2D viewer-aligned lenses to support interactive
creation of emphasis eﬀects and dynamic exploration of the application of these
eﬀects. Our technique allows illustrators to explore line renderings of a 3D model
by manipulating the view of a scene itself and to creatively play with the lenses
and their eﬀects until a desired illustration result is achieved.
The NPR Lenses approach diﬀers from existing research and technology in
the following ways: (1) NPR Lenses use 2D input to apply emphasis to line ren-
ditions that reside in a 3D rendering environment; (2) NPR Lenses allow artists
to seamlessly apply a large variety of emphasis techniques, both locally and glob-
ally, independently of a scene hierarchy; (3) NPR Lenses all employ a common
interaction approach, giving an illustrator freedom of chosen eﬀects within a sin-
gle interface; and (4) NPR Lenses support the creation of a variety of emphasis
eﬀects similar to those found in many existing hand-drawn illustrations.
The remainder of the article is structured as follows: We ﬁrst discuss research
related to NPR Lenses in Sec. 2. Sec. 3 describes the interaction framework
on which NPR Lenses are based. Sec. 4 contains examples of expressive eﬀects
possible with NPR Lenses. We provide implementation details in Sec. 5 and a
discussion of our approach in Sec. 6. Sec. 7 summarizes our contributions.
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2 NPR Lenses in Context
NPR Lenses relate to previous work in several research areas and, in particular,
to interactive NPR stylization within a 3D graphics environment. We ﬁrst in-
troduce concepts and terminology that inﬂuenced our development of emphasis
techniques for illustration and then discuss related research.
=NPR Lenses are spatially explicit and constrained, view-dependent 3D scene
adjustments. An adjustment to a 3D scene is spatially-explicit if the adjustment
caused by the lens is located in the 3D world space. Thus, moving the model
into or across the location of the lens aﬀects the model accordingly. That means
a single object may be partly within the adjustment space and partly not, thus
allowing eﬀects to be applied only to regions of a given object. A view-dependent
adjustment is attached to the viewpoint and follows its movement in the 3D
scene. A constrained adjustment has a region of inﬂuence that can be set to less
than the full resulting image.
Fig. 1 shows diﬀerent types of spatially explicit scene adjustments. One, the
NPR Lens, extends “cone-like” from the viewpoint into the view frustum. An-
other lens, the Cube Lens as used in 3D Magic Lenses, exists at a speciﬁc location
Fig. 1. Spatially explicit scene
adjustments (crosshatched) in a
3D view frustum. Scene objects
are partially in (darker) or out
of their inﬂuence range. NPR
Lenses are a subset of these and
other possible spatially explicit
scene adjustments.
in the scene and inﬂuences objects in a cubed re-
gion in 3D [3]. The third example, the Half-Plane
Lens, partitions the view-frustum into an area of
inﬂuence and one area that is not inﬂuenced [4].
All of these adjustments have a spatial explicit
description and objects in the scene are either
partially or fully in their inﬂuence ranges.
Spatially explicit emphasis is important for
NPR line drawing since it is often seen in
hand-drawn examples. Making NPR Lenses also
viewer-aligned ensures that their eﬀects are al-
ways visible. Related to this spatially explicit,
viewer-aligned emphasis is the WYSIWYG-NPR
system [5] that lets users add detail strokes and
stylization directly to the scene from their view
perspective. The primitives drawn on the image
plane are projected onto the model and attached
to it so that they remain on the surface when
the model is rotated. This spatially explicit and
view-dependent way to add detail only aﬀects the
top-most layer of the model similar to painting
onto physical objects.
In NPR research, most stylization eﬀects in 3D have been restricted to inﬂu-
ence whole objects at a time. A popular technique for emphasizing model parts
independently from the object structure is depth cueing, i. e., varying line at-
tributes with respect to depth. Other examples that allow a much wider range
of object-independent stylization eﬀects include use of lighting conditions, view-
ing direction, speciﬁc axes in 3D space, or the relation to a 3D point of interest
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[4]. NPR Lenses add new possibilities to apply such object-independent empha-
sis. Our approach also relates to 3D Magic Lenses [3] where spatially explicit
lenses are placed in a 3D virtual environment. This technique has been extended
for real-time rendering and arbitrarily shaped spatially explicit lenses [6].
Spatial distortion is an emphasis technique that has received wide research
attention but is usually not integrated with additional line stylization for creat-
ing emphasis. Morphing or warping are likely the most well-known techniques.
These are commonly applied in image-space where pixels are shifted according
to the manipulation of coordinate grid points or feature lines [7]. As an object-
based technique, spatial deformation is often used in animation to change the
appearance of objects or transform one object into another [7]. Spatial distor-
tion of the viewing space has been used for centuries in varying portrayals of
depth such as in medieval art, renaissance art, or cubism. Recent viewing-space
approaches in NPR distort scene geometry based on the manipulation of camera
and viewing parameters to create expressive renditions [8,9,10,11]. While NPR
Lenses incorporate spatial distortion, it is only one of the possible emphasis
techniques. None of these require explicitly speciﬁed deformation functions or
warping points. NPR Lenses, thus, have the added beneﬁt of simple interaction
and speciﬁcation of a number of eﬀects using one common interaction approach.
Our goal of making the NPR Lens interaction technique as familiar as the
common interaction with 2D input devices such as mice or touch pads and
successfully applying this to the manipulation of 3D scenes is a diﬃcult problem.
The diﬃculty results from correlation issues between the 2D mouse movement
and object movement in the 3D virtual world [12]. Common 2D mouse interaction
makes it diﬃcult to exactly place or select an object in a 3D scene since the
exact z-location of the cursor is not fully speciﬁed. Using a 3D input device to
manipulate an object could help in specifying an exact z-location. However, the
projection of the objects to the 2D screen and missing depth cues often makes it
diﬃcult to correctly analyze the position of 3D object parts and the 3D cursor
in relation to each other.
3 NPR Lens Interaction Framework
We present an interaction framework that addresses 3D interaction diﬃculties by
integrating 2D interaction and 3D application of eﬀects. Our technique allows
illustrators to interactively modify illustrations created by an otherwise fully
automated line rendering process. The interaction has the feel of a 2D manipu-
lation within a 3D graphics environment and provides the direct and expected
3D visual response. This interaction framework does not introduce the previously
mentioned diﬃculties associated with interaction in 3D and achieves this without
converting the 3D world to a 2D image. Thus, we can retain the advantages of
3D viewing, scene rotation, and line generation and provide simple interaction.
A metaphor will clarify how we integrate 2D and 3D interaction for NPR
Lenses. Metaphorically, an NPR Lens parallels our use of a hand-held magnifying
lens in the physical world. If you are examining a 3D physical scene with your
magnifying lens you can move the lens freely over the scene or you can move
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Fig. 2. Physical manifesta-
tion of NPR Lenses: per-
spective & orthogonal frusta
objects in and out of your view. Your lens and scene
are entirely independent but for the lens to be ef-
fective it must be placed between the eyes and the
scene. NPR Lenses are similar and work on the same
spatial principles but can achieve many diﬀerent ef-
fects as well as magniﬁcation. The 3D rendering en-
vironment has a 3D scene that can be inﬂuenced by
an NPR Lens. The lens operates on the viewplane
and, like a physical magnifying lens, aﬀects the en-
tire portion of the 3D scene that is projected into
its region of inﬂuence on the viewplane.
Since NPR Lenses integrate interaction in both
2D and 3D spaces, they have both a 2D and a 3D
manifestation which is spatially explicit (Fig. 2).
Their 2D manifestation on the viewplane (here
shown on the near clipping plane) is deﬁned by
the lens’ parameters. The 3D manifestation results
from being projected from the viewplane into the 3D
scene, called the lens frustum as in 3D Magic Lenses
[3]. The lens frustum’s shape is deﬁned by the type
of 3D projection and the chosen lens parameters
(Fig. 2). In a perspective view frustum the NPR
Lens is viewpoint-aligned whereas in an orthogonal
view frustum the lens is view-direction-aligned. The
lens parameters deﬁned by the 2D manifestation ex-
tend consistently into the lens frustum according to
the projection used.
Instead of having to adjust single scene entities, specify algorithms based on
lighting or depth cues, or specify distortion functions to create emphasis eﬀects
we can freely position the NPR Lens’ 2D manifestation on the viewplane and
interactively manipulate it. Changing the location of the emphasis eﬀects only
requires moving the lens across the screen. This is independent of the objects
in the scene and resembles moving a search light within a physical environment
(Fig. 3). The view-alignment ensures that the lens provides the expected visual
response as it will only aﬀect objects within its lens frustum. The adjustments are
Fig. 3. Adjusting the 2D manifesta-
tion to move an NPR Lens in 3D
applied in 3D in a process transparent to
the users. Being able to freely manipulate
the viewpoint, users can place a lens on the
screen and then rotate the model or cam-
era to create the desired eﬀects. Explo-
ration of the model is possible and creative
play with the lens and emphasis param-
eters allows for an interactive trial-and-
error design process to achieve the ﬁnal
illustration.
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We can also add any number of NPR Lenses to inﬂuence a 3D scene. Each
lens can then be controlled and manipulated independently of the other lenses
and the objects in the scene. When lenses intersect, both eﬀects are integrated.
4 NPR Lens Eﬀects
The following describes several of the eﬀects possible with NPR Lenses. Within
the NPR Lens framework many other eﬀects can easily be conceived and imple-
mented. Here, we will describe Line-Style Lenses, Hidden-Line Lenses, Spatial-
Distortion Lenses, the application of object-based constraints, and the use of
lenses in combination. It is important to notice that while an NPR Lens exists
in 2D on the viewplane, its 3D manifestation, as projected into the 3D scene,
operates on the entire set of 3D lines that have been extracted.
Fig. 4. Integrated local change of line style
guides a viewer’s attention
The lenses have attributes such as
a center, a type of eﬀect, a degree of
eﬀect (DOE), a region of maximum
eﬀect, a region of inﬂuence, and an
attenuation style. In designing a spe-
ciﬁc NPR Lens, one chooses lens at-
tributes and what NPR line parame-
ters to aﬀect. The style of attenuation
can be used, e. g., to create seamless
integration from the aﬀected region to
those regions that are not. Alterna-
tively, this factor can be ignored and
an abrupt transition or distinct change
from the lens region to the rest of the
model may be created. While these factors are adjustable for all lenses, there
are reasonable defaults that allow using lenses without constantly attending to
such details. The interactivity of the lenses and their ability to provide seamless
integration into the unmodiﬁed part of the image is a signiﬁcant advantage of
our method over previous object-independent stylization techniques.
Fig. 5. Integrated local change of line color
with two and three Line-Style lenses
Line-Style Lenses can locally inﬂu-
ence the line style of extracted strokes
including aspects such as width, sat-
uration, transparency, color, etc. In
hand-drawn illustrations artists often
use diﬀerent line weights to place an
emphasis on certain parts of an object
and de-emphasize others. For exam-
ple, varying line thickness can change
the emphasis placed on particular as-
pects of the line renditions as shown
in Fig. 4. Note how the emphasis on diﬀerent body parts changes the impact
of the images and can direct the attention of the viewer. This parallels eﬀects
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described in [13,14] as being capable of inﬂuencing the viewer. Similarly, Fig. 5
shows how color can be used to highlight chosen aspects and to create localized
lighting eﬀects.
Fig. 6. None, one, and two Hidden-Line
Lenses applied to a medical model
The Hidden-Lines Lens displays sil-
houette or feature lines of the underly-
ing model that would not normally be
visible from the current viewpoint and
thus reveals otherwise hidden informa-
tion. A distinct style such as a dotted
line can be used to make these extra
lines clearly distinguishable from regu-
lar lines (Fig. 6). This eﬀect is similar
to the wireframe lens mentioned as future work in the original magic lens paper
[15] and similar to eﬀects possible with 3D Magic Lenses [3]. In contrast to these
techniques, we allow an individually adjustable views of hidden lines, blended
into the surrounding context, while Magic Lenses work as ﬁlters that have strong
visual contrast at the edges of the lenses. One advantage of this blended ﬁltered
view of hidden lines—as opposed to always displaying them—lies in avoiding a
cluttered display by showing hidden lines only where needed. The Hidden-Lines
Lens can also be used to display other types of invisible lines, e. g., wireframe
edges. The eﬀects possible with such a lens are often seen in medical illustrations
where objects behind the skin or other organs is made visible to guide learning
in context.
Fig. 7. Spatial distortion yields expressive line draw-
ings (right; left: undistorted)
The eﬀects of a Spatial-
Distortion Lens resemble the
eﬀects created with other
ﬁsheye lenses. Such distor-
tions can often be found in
traditional hand-drawn illus-
trations where artists adjust
chosen surface features or re-
gions of particular impor-
tance to place an emphasis on
aspects of an object’s appear-
ance. Also, carefully applied
geometric distortions can give the resulting image a caricature or comic-like
appearance. As such, the Spatial-Distortion Lens can be a valuable NPR tool.
It allows to interactively change the appearance of line renditions to give them
character according to one’s intentions (Fig. 7). It can also be used as an interac-
tive tool to examine aspects of an object that would otherwise remain unnoticed.
In contrast to traditional zoom techniques, an examination of 3D model infor-
mation is possible while still being able to view contextual information. Also, no
modiﬁcation of the model itself is necessary. An examination can take place via
the lines created from these models.
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(a) (b)
Fig. 8. Lens eﬀect constrained in object-space
Lenses as discussed so
far have been applied to
selected contiguous im-
age regions. However, for
any lens type, object-space
constraints can be applied
to restrict its application,
to preserve some aspects
of the model as unaﬀected
or to choose to only af-
fect particular parts of the
model or selected objects. The objects to pass to the lens can be chosen in the
graphical user interface. Fig. 8 shows two examples where the application of em-
phasis eﬀects has been constrained: to the Achilles tendon of the foot in Fig. 8(a)
and to the region of blood supply of the kidney in Fig. 8(b).
To improve the ﬂexibility of the setup, all presented lenses as well as the
object-space constraints can be combined in one lens manifestation. Fig. 8(a),
e. g., demonstrates how a lens can inﬂuence both line color and thickness to
emphasize the Achilles tendon of a foot. Here, a single lens in the interface
applies several types of eﬀects. Alternatively, one can choose to use several lens
manifestations that each apply similar or diﬀerent eﬀects at diﬀerent parts of
the rendition as shown for line color in Fig. 5 and hidden lines in Fig. 6. Each














Fig. 9. Traditional pipeline
To generate line renderings from polyg-
onal models we use the OpenNPAR
framework [16]. The line rendering pro-
cess is modeled in a pipeline consisting of
a series of rendering nodes. These nodes
manage vertex coordinates and the edge
data connecting these vertices (Fig. 9).
The pipeline takes a 3D model as input and ﬁrst extracts silhouettes and feature
lines. Next, these lines are concatenated to longer strokes and hidden line data is
stored for each vertex. Stroke stylization determines a line’s rendering style in-
cluding texture, thicknesses, and color. The pipeline may contain optional steps
to, e. g., remove artifacts or to add parameterization data (e. g., object IDs) to
later modify the strokes’ appearance. All stroke coordinates are kept in 3D to
render them onto the underlying model.
NPR Lenses are used to manipulate line rendering styles. This can be done
coherently by using G-strokes [17]. This concept separates geometry information
from stylization parameters, allowing pipeline nodes to specify and change styl-
ization parameters for line segments. G-strokes are used in our work to capture
the line style parameters’ changes applied using lenses.
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NPR Lenses are also based on the EPF framework [18] which places a 2D
data representation onto a base plane that itself is located in the x-y-plane in
3D space. The base plane is viewed from above, perspectively projected. Dif-
ferent presentation styles can be created by manipulating the base plane. These
manipulations (EPF Lenses) are functions that can be parameterized to produce
the desired eﬀects. We use this ﬂexible and fast means to specify and compute
2D emphasis eﬀects and, in particular, the fact that the DOE is known for any















Fig. 10. Modiﬁed line rendering pipeline
To apply lens techniques to
line drawings rendered from
3D models we have to ad-
just the traditional rendering
pipeline (Fig. 9). In the ﬁrst
step, as usual, silhouettes or
feature lines are extracted from
the model. Next, these lines are
concatenated to form long stokes and their visibility is determined. At this point
the line data is available for the lens to modify. To add these new steps, NPR
Lens nodes are inserted into the pipeline. They are applied before the line styl-
ization and rendering stage so that the eﬀects of the lens can be reﬂected in these
two stages (Fig. 10). With this setup each lens takes geometric information as
input and inﬂuences stylization and rendering of the lines. Each NPR Lens node
introduced in the line rendering pipeline comprises four steps: (1) take a 3D
input Point P (x, y, z) from the list of calculated silhouette or feature line points,
(2) project P to image-space yielding P (wx,wy,wz), (3) obtain values from an
EPF lens using wx and wy yielding a new point P ′(wx′, wy′, wz) and a degree
of eﬀect factor doe for this point, and (4) use all or just a subset of these values
obtained from EPF as input for a speciﬁc NPR Lens.
This sequence represents a hybrid image- and object-space approach. To allow
illustrators to apply emphasis eﬀects as if a lens would be moved over a 2D
line rendition, the emphasis eﬀect has to be applied in 2D coordinates. Hence,
each 3D vertex is ﬁrst projected to image-space where the emphasis is applied.
Then, the vertices are back-projected into 3D world-space coordinate. We need
to maintain the world coordinate stroke pipeline because some further stroke
processing requires world coordinates. The doe and new coordinate information
is then used by an NPR Lens as input for modifying the style of the given line
rendition to create expressive variations or to allow exploration of the model.
The computational impact of this additional pipeline step is small since only
the extracted strokes have to be processed. Thus, its rendering time depends on
the complexity of the processed lines and not that of the model from which the
lines are derived. In fact, the bottleneck of the stroke pipeline usually lies in the
silhouette edge extraction and hidden line removal and not the following stroke
processing. We found that meshes suitable for line rendering (i. e., not producing
too many lines that would overly clutter the image) are rendered at interactive
to real-time frame rates. Thus, NPR Lenses typically do not impact the system’s
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interactivity; only for very detailed strokes with several lenses applied the lens
computation is noticeable but interactive frame rates are still maintained.
The NPR Line-Style Lens uses only the degree of eﬀect doe to control the line
style parameter by multiplying or adding doe to the previous value, resulting
in changing the line style parameter’s G-stroke. Adding doe creates more subtle
eﬀects than multiplying. The extent of the desired inﬂuence is user-controlled
through setting the usual lens parameters. Similarly, we use the computed doe
value to reveal hidden model information within the inﬂuence range of the lens
by only processing vertices that have a raised doe value. For these vertices we
now render otherwise hidden layers of the image such as hidden lines, either on
top of the regular visible lines or instead of them. The new layers are smoothly
blended into the surrounding context according to the doe to achieve visual
continuity and can be given a certain (e. g., dotted) line style.
(a) Undistorted (b) Discrete (c) Continuous
Fig. 11. Addressing the artifacts from strong dis-
crete distortion (b) with adaptive subdivision (c)
For creating a Spatial-
Distortion Lens the 3D po-
sitions of the stroke vertices
obtained from the geometric
model are projected to image-
space and subjected to the
spatial distortion as described
above. The discrete, object-
space nature of this processing
may introduce artifacts since
the topology of the strokes is not modiﬁed: large doe factors result in the step-
wise linear character of edges to become visible (Fig. 11(b)). This eﬀect could
be avoided by working with parametric curves between vertex positions. This in
turn may result in the lines deviating too much from the expected object shape
and being visually awkward. Real continuous distortion, on the other hand, is
computationally impossible. It can only be emulated by using a dense set of
vertices in the original strokes. This, however, increases the required storage ca-
pacity and slows down processing. Moreover, a dense vertex sampling is only
required in regions with high doe values. Thus, we use adaptive stroke subdi-
vision to approximate continuous distortion in magniﬁed regions (Fig. 11(c)).
This keeps the vertex density roughly constant and the number of additional
vertices at the necessary minimum.
Object-space constraints are applied during the feature and silhouette line
generation. An ID parameter is generated for each vertex that indicates from
which object in the scene or model it was extracted. Based on this ID value,
ﬁltering can be applied in the NPR Lens node and only objects that are passed
through the ﬁlter will be inﬂuenced by the lenses.
6 Discussion and Future Work
We suggested a number of example domains such as medical illustration (Fig. 8
and 12(a)), technical illustration (Fig. 12(b)), or even caricature (Fig. 7) where
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(a) (b)
Fig. 12. Medical (a) and technical illustrations (b) using lens combinations and back-
ground shading, the latter with added annotations. Components are highlighted using
color lenses and components inside the camera are shown using the Hidden-Lines Lens.
NPR Lenses can be used to create expressive eﬀects. While we have introduced
and discussed several diﬀerent types of NPR Lenses, many other eﬀects are pos-
sible with our framework. Possible other lenses could include the manipulation
of line transparency or texture and the application to other line types such as
hatching or stippling. Lenses could be used as brushes to add lines where desired
or as erasers to remove or hide lines where they are not wanted.
(a) Undistorted mesh
(b) One distortion step
(c) Several iterations
Fig. 13. Mesh distortion
with NPR Lenses
NPR Lenses were built to be a useful tool for the
creation of static illustrations for print-reproduction or
use in electronic media. They are better suited for cre-
ating still images rather than line drawing animations.
When the 3D scene is moved under a placed NPR Lens,
the eﬀects resulting from that lens do not rotate with
the model but aﬀect the new parts of the model in the
inﬂuence range of the lens. This is a direct result of our
spatially explicit scene adjustment approach. Making
eﬀects stay on the the objects is one possible direc-
tion of future work. Another potential direction is to
apply emphasis not only to extracted lines but to the
underlying mesh as well by applying a distortion to
the mesh vertices and moving them in 3D space while
keeping the mesh’s topology. Our lenses could provide
an intuitive 2D interaction method for polygonal mod-
eling that applies eﬀects in 3D. Preliminary results are
promising (Fig. 13).
Although we have not yet formally evaluated NPR
Lenses, they have been tried by students and a profes-
sional artist. Generally, they found the tool easy to use
and enjoyed adjusting and distorting the rendered line
drawings. Often one person using the tool would attract attention from others
and instigate more usage. Future work will include more thorough studies to
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assess how useful our tool is to, e. g., professional illustrators and what features
they require for their work.
7 Conclusion
This paper introduces the NPR Lens interaction framework built for an easy
and intuitive creation of expressive line renderings for illustration. The emphasis
techniques provided in our framework are used frequently in art and illustration
as a means to express emotional content, guide the user’s attention, or articulate
an artist’s or illustrator’s view of the depicted scene. NPR Lenses were developed
with the intent of providing illustrators with a tool that allows for creative
freedom in the illustration process. This is achieved by using 2D lens controls
inside the 3D rendering pipeline, thereby integrating the advantages of 3D scene
manipulation with the capabilities of spatially-explicit, viewer-aligned lenses.
NPR Lenses make four main contributions: (1) they integrate 2D input and
3D application of eﬀects to make the application of emphasis eﬀects with NPR
Lenses as simple as the common interactions with a mouse, touchpad, or sty-
lus; (2) they allow the seamless application of emphasis eﬀects both locally and
globally independent of a scene hierarchy; (3) they provide a common interaction
approach, thereby, allowing a creative exploration of the application of eﬀects
without a priori knowledge of end goals; and (4) they support the creation of a
variety of emphasis eﬀects common in hand-drawn illustration in a single exten-
sible interface. We hope that this research will spark new interest in the creation
of NPR tools targeted at the illustration community, so that NPR techniques
will be used more frequently and successfully in the future.
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